The gap junction proteins, connexins (Cxs), are present in the testis and among them Cx43 play an essential role in spermatogenesis. The present study investigated the testicular expression and regulation of another Cx, Cx33, previously described as a negative regulator of gap junction communication. Cx33 mRNA, was present in testis and undetectable in heart, liver, ovary and uterus. In the mature testis, Cx33 was specifically immunolocalized in the basal compartment of the seminiferous tubules whereas Cx43 was present in both seminiferous tubule and interstitial compartments. During stages IX-X of spermatogenesis, characterized by Sertoli cell phagocytosis of residual bodies, Cx43 was poorly expressed within seminiferous tubules while Cx33 signal was strong. In order to evaluate the role of phagocytosis in the control of Cx33 and Cx43 expressions, the effect of lipopolysaccharides (LPS) was analyzed on the Sertoli cell line 42GPA9. We show that phagocytosis activation by LPS concomitantly stimulated Cx33 and inhibited Cx43 mRNA levels. These effects appear mediated through IL-1α since the exposure of Sertoli cells to the IL-1 receptor antagonist partly reversed these effects. IL-1α enhanced and reduced respectively the levels of Cx33 and Cx43 mRNA in a time-and dose-dependent manner. These data reveal that Cx33 and Cx43 genes are differently controlled within the testis and suggest that these two Cxs may exert opposite and complementary effects on spermatogenesis.
INTRODUCTION
Intercellular communication through gap junction is an important mechanism for coordination of cell metabolism and function. They are implied in the growth and the differentiation of organs and tissues (see for review 25). Gap junction channels allow direct exchange of signalling molecules lesser than 1kDa between adjacent cells.
They are composed by proteins called connexins (Cxs) . Today, at least twenty five Cxs have been identified and most organs express several Cxs (47). The combination of different Cxs allows the modulation of gap junction permeability and selectivity (17, 25).
In the testis, within the seminiferous tubules, Sertoli cell is the only cell type in contact with germ cell. Germ cell proliferation and differentiation is locally controlled by Sertoli cell through paracrine factors and direct intercellular junctions.
Homologous gap junctions are found between two adjacent Sertoli cells, while heterologous gap junctions are present between Sertoli cells and germ cells (3, 11, 34) . Within seminiferous tubules, at least 11 different Cxs (Cx26, Cx31, Cx31.1, Cx32, Cx33, Cx37, Cx40, Cx43, Cx45, Cx46 and Cx50) are presumably translated (33). However, their functional implications in the control of the spermatogenic process are still unclear (see for review 32).
The role of Cxs in spermatogenesis is established by the study of the fertility of mice invalidated for Cx genes. Although Cx37-deficient mice suffer from female infertility (8, 37), targeted disruption of different Cx genes (Cx31, Cx32, Cx37, Cx40, Cx46, and Cx50) does not affect male fertility (46, 48). Conversely, null mutant of the Cx43 gene, the predominant Cx in the testis, resulted in a deficiency of primordial
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Page 4 sur 26 germ cells in fetal gonads of both sexes (24, 36). The essential role of Cx43 in the control of spermatogenesis was definitely given by the demonstration that transgenic "knock in" mice, in which the coding region of the Cx43 gene was replaced by the coding region of Cx32 or of Cx40, exhibited impaired spermatogenesis resulting in Sertoli-cell-only syndrome (31).
In contrast to Cx43 which is ubiquitous, Cx33 is specifically found in the testis (19, 43) . In addition, Cx33 has been reported to exert a connexin-specific inhibitory effect on gap junction intercellular communication in the paired Xenopus oocyte system (9). In Sertoli cells, we recently demonstrated that the inhibitory effect of Cx33 could be mediated through sequestration of Cx43 within the cytoplasmic compartment (15). However, the physiological function(s) of Cx33 in the spermatogenic process has not been clearly established.
In the present study, we demonstrate that Cx33 mRNA was expressed during testicular development. In addition, high levels of Cx33 were detected in seminiferous tubules at stages IX-X of spermatogenesis, stages where Sertoli cells phagocyte residual bodies. We further show that Sertoli cell Cx33 transcripts were stimulated in vitro by phagocytosis of LPS and IL-1α. These data emphasize a physiological role of Cx33 in the control of germ cell proliferation.
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MATERIALS AND METHODS

Tissue and cell preparation
Rat fetal testes (18.5 days of fetal age) were a gift from Pr. R. Habert (INSERM U 566, CEA, 92 265 Fontenay aux Roses, France). Wistar rats at 14, 22 and 90 days post-partum were killed by CO 2 asphyxiation and testes were immediately collected.
Testes and other tissues were frozen at -80°C and then processed for RNA extraction.
Cell culture
The 42GPA9 Sertoli cell line was maintained in Dulbecco's Modified Eagle's Medium (DMEM, Life Technologies Gibco BRL, 95613 Cergy Pontoise, France) containing 10% fetal calf serum at 32°C (6) . Cells were washed twice with DMEM without serum and incubated for 12 h in serum-free defined medium (SFDM) composed of a DMEM/Ham's F12 (v/v) mixture supplemented with EGF (10 ng/ml), insulin (10 mg/ml), transferrin (10 mg/ml), and testosterone (0.1 mM). The medium was then replaced by fresh SFDM and cells were cultured, when indicated, in the presence or absence of 20 µg/ml LPS (a dose known to affect Sertoli cell function 
Data Analysis
The data were expressed as the means ± standard error of the mean (S.E.M.).
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RESULTS
Tissue specificity of Cx33 gene expression
The transcription of the Cx33 gene was evaluated in different tissues of mature rats (testis, heart, liver, ovary and uterus) and compared to that of Cx43 (Fig. 1A) . A band at the expected size of 380 bp for Cx33 was only detected in testis while no signal was present in other tissues studied. In contrast, a band at 267 bp corresponding to Cx43 was detected in all tissues analyzed (Fig. 1A) . Sequencing confirmed that the amplified sequences are identical to the published sequences (data not shown).
Analysis of Cx33 gene expression during testicular development
The transcription of the Cx33 gene was then evaluated in the testis at different periods of development (18.5 days post coïtum, 14, 22 and 90 days post partum) and compared to that of Cx43 (Fig. 1B) . Semiquantitative RT-PCR using β-actin as an endogenous standard, indicates that the levels of Cx33 mRNA increased during testicular development from fetal to adult stages. The relative Cx33 mRNA expression was significantly higher in the testis of mature (90 days old, P<0.01) or immature (22 days old, P<0.05) as compared to fetal rats. The Cx43/β-actin ratio was not significantly modified during the same developmental period (Fig. 1B) , although a
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Page 10 sur 26 redistribution of Cx43 signal within growing seminiferous tubules has been previously observed (3, 7). Figure 2 shows that the intensity of the Cx33 and Cx43 immunoreactive signals was dependent upon the stage of spermatogenesis identified by DAPI staining (Fig.   2, A and B) . Dual immunofluorescence analysis with the two antibodies reveals that the higher staining levels for Cx33 and Cx43 were not observed at the same stage of spermatogenesis (Fig. 2, C and D) . High magnification shows that the anti-Cx33 antibody detected a marked Cx33 signal within seminiferous tubule at stages IX-X of spermatogenesis (Fig. 2E ) while the Cx43 immunosignal was undetectable in the same seminiferous tubule section (Fig. 2F) . As previously reported, a signal for Cx43 was present in the adjacent interstitial compartment (Fig. 2F) . In contrast no Cx33 immunoreactivity was detected in this compartment (Fig. 2E) .
Inverted stage-dependent expressions of Cx33 and Cx43
Effects of LPS on IL-1α mRNA and on ERK signalling pathway in Sertoli cells
As do native Sertoli cells, the 42GPA9 Sertoli cell line exhibited a strong phagocytic activity (5). The results presented in figure 3A show that 42GPA9 Sertoli cells were able to respond to LPS (used to activate phagocytosis) by increasing IL-1α gene expression. A band corresponding to IL-1α mRNA was present 3 and 6 h after cell exposure to 20 µg/ml LPS while IL-1α transcripts were not detected in the absence of LPS. As shown in figure 3B , exposure of 42GPA9 Sertoli cells to IL-1α
Page 11 sur 26 (100 pg/ml) or LPS (20 µg/ml) induced ERK activation. Stimulation of ERK phosphorylation by IL-1α was evident by 15 min with a maximal response at 30 min exposure. As expected, the effect of LPS on ERK phosphorylation was observed later: a slight signal for both p44 ERK and p42 ERK was detected by 30 min with a peak response at 1 h. High levels of ERK activation were maintained for both effectors by 6 h. In untreated cells, the presence of ERK phosphorylation was undetectable while the total amount of ERK was stably expressed in all experimental conditions studied (Fig 3B, lower panels) .
Inverted control of Cx33 and Cx43 gene expressions by LPS and IL-1α
Stimulation of phagocytosis by LPS exposure concomitantly resulted in a timedependent inhibition of Cx43 and stimulation of Cx33 gene transcriptions. The intensity of the band corresponding to Cx43 mRNA was strongly reduced as a function of time exposure to 20 µg/ml LPS (Fig 4) . In contrast, Cx33 mRNA was first detected 6 h after LPS exposure, highly expressed 18 h afterwards and was undetectable in control cells and in cells treated with LPS for 3 h.
As indicated in figure 5 , IL-1α stimulated Cx33 mRNA but decreased Cx43 mRNA in a time- (Fig. 5, left column) and dose- (Fig. 5, right column) dependent manner. Semiquantitative analysis of Cx33 levels indicated high significant increases in Cx33 transcript levels after exposure to IL-1α for 6 h (P<0.05) and 18 h (P<0.01) as compared to control cells incubated in the absence of IL-1α (Fig. 5, left column) .
Inversely, the cytokine reduced Cx43 mRNA levels in a time-dependent manner with a maximum effect after an 18 h exposure (P<0.05). As shown in figure 5 (right column), the stimulatory effect of IL-1α on Cx33 gene expression was dose-
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Page 12 sur 26 dependent with a maximal response (P<0.01) for doses up to 100 pg/ml IL-1α. In contrast, IL-1α was able to inhibit in a dose-dependent manner Cx43 gene expression. The higher effect was observed for the concentrations of 100 and 1000 pg/ml IL-1α (P<0.01). It is likely that the effect of LPS on Cx33 and Cx43 mRNA could be mainly mediated through IL-1α since Sertoli cell treatment with the IL-1ra (1 µg/ml) significantly suppressed these effects (Fig. 6) . Indeed, the presence of IL-1ra significantly prevented the stimulatory effect of LPS on Cx33 mRNA (P<0.01) and partially restored the Cx43 mRNA levels (P<0.05). IL-1ra alone was without effect on Cx33 and Cx43 mRNA levels (data not shown).
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DISCUSSION
Although it has been reported that at least 11 Cxs are presumably translated in the testis, their respective physiological roles in spermatogenesis are still undetermined (33). In the current study, we addressed two Cxs: Cx43, the predominant Cx in the testis, and Cx33, a specific testicular Cx previously described to exert a specific inhibitory effect on Cx43 based gap junctions (9, 15). Our data indicates that Cx33 and Cx43 were differently expressed and regulated in the testis. This is supported by three major observations. 
